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S U M M A R Y
Background: During 2012, Changsha experienced a large outbreak of hand, foot, and mouth disease
(HFMD), resulting in 25 438 cases, including 42 severe cases and eight deaths.
Methods: Seven hundred and forty-six clinical specimens were collected from hospital-based
surveillance for HFMD in 2012. The detection and genotyping of enterovirus were performed by
real-time RT-PCR and sequencing of the VP1 regions; phylogenetic analysis was performed based on the
VP1 sequences.
Results: A total of 545 (73.1%) enterovirus-positive samples were identiﬁed, with the most frequently
presenting serotype being enterovirus 71 (EV-71; n = 364, 66.8%), followed by coxsackievirus A16 (CV-
A16; n = 84, 15.4%), CV-A6 (n = 22, 4.0%), and CV-A10 (n = 19, 3.5%). Most of the affected patients were
children aged 5 years (n = 524, 96.1%). EV-71 was the major pathogen in the severe and fatal cases
(n = 22, 78.6%). Phylogenetic analysis of VP1 gene sequences showed the EV-71 isolates to belong to
subgenotype C4a, and the CV-A16 isolates to belong to subgenotype B1. The Changsha CV-A6 and CV-
A10 circulating strains were homologous to strains circulating in other areas of mainland China.
Conclusions: Our results demonstrate that EV-71 was the primary causative agent responsible for the
HFMD outbreak in Changsha in 2012, and the co-circulation of other coxsackievirus A strains posed a
potential risk to public health.
 2014 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-SA license (http://creativecommons.org/licenses/by-
nc-sa/3.0/).
Contents lists available at ScienceDirect
International Journal of Infectious Diseases
jou r nal h o mep ag e: w ww .e lsev ier . co m / loc ate / i j id1. Introduction
Hand, foot, and mouth disease (HFMD) is a global and common
infectious disease in young children, particularly in those aged <5
years. In general, typical HFMD cases are mild and self-limited, but
they may also manifest as more serious illnesses such as paralytic
poliomyelitis, meningitis, encephalitis, myocarditis, acute hemor-
rhagic conjunctivitis, or neonatal sepsis-like systemic infections.1,2
The disease is primarily caused by members of human enterovirus
(HEV) group A, which includes coxsackievirus A2 (CV-A2), CV-A3,
CV-A4, CV-A5, CV-A6, CV-A7, CV-A8, CV-A10, CV-A12, CV-A14, CV-
A16, and enterovirus 71 (EV-71). Of these, EV-71 and CV-A16 are
the major etiological agents of HFMD.3
Since 1997, several large epidemics of HFMD mainly caused by EV-
71 have been reported in the Asia-Paciﬁc region, including Australia,
Malaysia, Singapore, Taiwan, Thailand, and Vietnam.4–9 In China, since* Corresponding author. Tel.: +86 731 84735659; Fax: +86 731 84785953.
E-mail address: sunbiancheng2013@163.com (B.-C. Sun).
http://dx.doi.org/10.1016/j.ijid.2014.07.024
1201-9712/ 2014 The Authors. Published by Elsevier Ltd on behalf of International So
license (http://creativecommons.org/licenses/by-nc-sa/3.0/).a large-scale outbreak of HFMD in 2007 in Shandong Province, there
has been an HFMD outbreak annually.10 In 2012, the Chinese Center
for Disease Control and Prevention (China CDC) conﬁrmed 2 168 737
cases in mainland China, including 567 deaths (http://www.chi-
nacdc.cn/tjsj/fdcrbbg/201303/t20130327_79057.htm); in Changsha,
there were 25 438 cases including 42 severe cases and eight deaths.
Besides EV-71 and CV-A16, the co-circulation of other HEVs has
been reported, including CV-A2, CV-A4, CV-A5, CV-A6, CV-A10, CV-
A12, and HEV-B virus (CV-A9 and echovirus 30 (E-30)).11–14 In
some cases, the proportion of other HEVs has been even higher
than that of EV-71 or CV-A16. For example, CV-A6 and CV-A10
were the most prevalent virus serotypes in the largest outbreak of
HFMD in Singapore in 2008 and in France in 2010.15,16 In China, the
circulation of CV-A6 and CV-A10 has also been reported in some
provinces.17,18
In this study, clinical samples from HFMD patients were
investigated in order to identify the virus serotypes circulating in
the 2012 HFMD outbreak in Changsha City, the capital of Hunan
Province, China. The predominant enterovirus serotypes were
analyzed.ciety for Infectious Diseases. This is an open access article under the CC BY-NC-SA
Table 1
PCR and sequencing primers used in this study
Primer Sequence (50–30) Location Reference
222 CICCIGGIGGIAYRWACAT 2969–2951 19
292 MIGCIGYIGARACNGG 2612–2627 19
MD91 CCTCCGGCCCCTGAATGCGGCTAAT 444–468 20
EVP4 CTACTTTGGGTGTCCGTGTT 541–560 20
OL68-1 GGTAA(C/T)TTCCACCACCA (A/T/G/C)CC 1178–1197 20
EV71-S CAGCCCAAAAGAACTTCACCATG 2368–2386 This study
EV71-R TGCCCACATAAATAGCCCCAGAC 3343–3365 This study
CV-A16-F CAAGGATACGGAGGACATTGAGC 2401–2423 This study
CV-A16-R CAGTCGTTGTGTGTGGCAAGGTG 3392–3414 This study
CV-A6-F ACAGCAGAGTACCAAAATGATCCC 2427–2450 This study
CV-A6-R AAAGTTACCTACATAGACAGCCCC 3378–3401 This study
CV-A10-F GGCGGCACAGGACAACTTCAC 2366–2386 This study
CV-A10-R TGGGTAGCCAGGTGCCTATTGAC 3384–3406 This study
J.-F. Chen et al. / International Journal of Infectious Diseases 28 (2014) 17–25182. Materials and methods
2.1. Sample collection
During 2012, 746 clinical samples (throat swabs, rectal swabs,
or stool specimens) were obtained from patients with suspected
HFMD at the sentinel hospital. Patients were diagnosed clinically
with HFMD if they had a fever and the onset of at least one of the
following features: maculopapular or vesicular rash on the palms
of the hands and/or soles of the feet and vesicles or ulcers in the
mouth. Patients with serious complications, including encephali-
tis, meningitis, acute ﬂaccid paralysis, cardiorespiratory failure, or
death, were considered to be severe HFMD cases. Clinical
information was collected, including symptoms, age, and gender.
2.2. RNA extraction and real-time RT-PCR
Viral RNA was extracted using the QIAamp Viral RNA Mini Kit
(Qiagen, Hilden, Germany) in accordance with the manufacturer’s
instructions. The detection of HEV and further classiﬁcation of EV-
71 and CV-A16 were performed by real-time RT-PCR using a real-
time RT-PCR kit (Shuoshi Bioperfectus, Inc., China). Fluorescence
data were analyzed using LightCycle 1.2 (Roche, Germany).
2.3. RT-PCR ampliﬁcation and sequencing
To further identify the HEV serotypes other than EV-71 and CV-
A16, RT-PCR based on the partial 50 region of the VP1 gene was
performed with primers 292 and 222, as described previously,19
and ampliﬁed products were subjected to direct DNA sequencing.
If the VP1 ampliﬁcation or sequencing failed, primers MD91, OL68-
1, and EVP4 for the VP4 region were used for further genotyping.20
All amplicons were sequenced in both directions and the
sequences were compared to the GenBank database by BLAST.
The primer sequences are listed in Table 1.
2.4. Phylogenetic analysis
Samples that were positive for EV-71, CV-A16, and other HEV
serotypes (CV-A6 and CV-A10) were selected randomly for
ampliﬁcation of the entire VP1 gene for phylogenetic analysis
using RT-PCR with speciﬁc primers (Table 1). Multiple-sequence
alignment was done using ClustalW, and phylogenetic trees were
constructed by neighbor-joining method using MEGA 5.0 software;
bootstrapping was performed from 1000 replicates. The sequences
obtained in this study were submitted to NCBI and the GenBank
accession numbers are KJ156339–KJ156359, and KJ784498–
KJ784513.
2.5. Statistical analyses
Data were analyzed using SPSS version 17.0 statistical software.
Differences in the proportions of categorical variables were
compared by Chi-square test or Fisher’s exact test. Analysis ofTable 2
Association of patient demographics with the different enterovirus infections
Characteristics HEV positives
(n = 545)
EV-71
(n = 364)
CV-A16
(n = 84)
Age range 2 months–
34 years
3 months–
30 years
5 months–
34 years
Age, years, mean  SD 2.55  2.59 2.45  2.07 2.96  3.7
Age 5 years, n (%) 524 (96.1%) 354 (97.3%) 80 (95.2%)
Male, n (%) 330 (60.6%) 224 (61.5%) 53 (63.1%)
Severe, n (%) 28 (5.1%) 22 (6.0%) 1 (1.2%) 
HEV, human enterovirus; EV, enterovirus; CV, coxsackievirus; SD, standard deviation.variance was used to compare the means of ages. A p-value of
<0.05 was regarded as statistically signiﬁcant.
3. Results
3.1. Etiology
Among the 746 samples tested, 545 (73.1%) were positive for
HEV by real-time RT-PCR. Of the positive cases, 364 (66.8%) were
EV-71, 84 (15.4%) were CV-A16, and the remaining 97 were other
HEVs. Forty-six of the other HEV samples were ampliﬁed and
sequenced successfully by RT-PCR. BLAST analysis results showed
that 22 were CV-A6, 19 were CV-A10, two were CV-A12, and one
each were CV-B3, echovirus 16 (E-16), and E-30. In 2012, the most
prevalent serotype was EV-71, followed by CV-A16, CV-A6, and CV-
A10.
3.2. Epidemiological data
Of the 545 HEV-positive patients, 330 were male, and the male
to female ratio was 1.53:1 (Table 2). The patients ranged in age
from 2 months to 34 years, with a mean age of 2.55  2.59 years and
a median age of 2 years. The majority of patients (n = 524, 96.1%) were
children aged 5 years. For EV-71, CV-A16, CV-A6, and CV-A10
infections, respectively, no signiﬁcant differences were identiﬁed
among them in terms of gender or age distribution. With regard to
severe cases, 22 were caused by EV-71, one was caused by CV-A16,
and the remaining ﬁve were caused by other HEVs. No severe cases
were found with CV-A6 and CV-A10 infections. Although most severe
cases were caused by EV-71 (22/28, 78.6%), the severity rate for EV-71
(6.0%) was a little lower than that for other HEVs (8.9%). There were
seven deaths overall: ﬁve were caused by EV-71, one was caused by E-
30, and one was caused by another HEV.
In 2012, the Changsha HFMD outbreak began in March, with the
number of infectious patients then increasing; the outbreak
peaked in May and continued at a low level after July (Figure 1).
The detection of etiological agents showed that the majorCV-A6
(n = 22)
CV-A10
(n = 19)
other HEVs
(n = 56)
p-Value
1–13 years 6 months–
8 years
2 months–
26 years
-
8 2.48  2.55 2.05  1.67 2.78  3.56 0.430
 21 (95.5%) 18 (94.7%) 51 (91.1%) 0.247
 13 (59.1%) 12 (63.2%) 29 (51.8%) 0.690
0 (0%) 0 (0%) 5 (8.9%) -
Figure 1. Monthly distribution of case numbers for the major prevalent enterovirus serotypes in 2012 in Changsha, China.
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(29/45) in March, 72.0% (54/75) in April, and 71.9% (64/89) in May
(Figure 1). Monthly surveillance data revealed that the other major
pathogens after EV-71 changed through this outbreak, with CV-
A16 being predominant before the outbreak, while at the end of the
outbreak the prevalence of CV-A10 increased and then CV-A6
appeared.
3.3. Phylogenetic analysis
Phylogenetic trees were constructed using the VP1 nucleotide
sequences of EV-71, CV-A16, CV-A6, and CV-A10 from the present
study and from sequences downloaded from GenBank. Phyloge-
netic analysis of the viral sequences showed that the Changsha EV-
71 strains belonged to subgenotype C4a, closely related to strains
such as Fuyang 22 and 29-EV71-YN-CHN-2010, which circulated in
China (Figure 2).
The phylogenetic tree of the representative Changsha CV-A16
strains is given in Figure 3. All CV-A16 strains identiﬁed in this
study segregated into subgenotype B1. Seven sequences that were
closely related to strains circulating in China (such as BJ1208)
belonged to the B1a cluster, and four sequences belonged to the
B1b cluster and were closely related to strains identiﬁed in
Vietnam, Japan, and China.
For CV-A6, several clusters were formed with an obvious
geographical distribution pattern (Figure 4). The Changsha CV-A6
strains were related to each other and formed a cluster with strains
from other cities of China, like Shanghai and Shenzhen, except one
strain which was closely related to strains circulating in France. Incontrast, the Changsha CV-A10 strains were distantly related to the
strains found in China during 2009 to 2012 (Figure 5).
4. Discussion
In this study, pathogen detection results showed that several
CV-A serotypes co- circulated in Changsha in 2012, similar to other
surveillance studies from different countries; however, there were
geographic differences in serotypes and frequencies.21 Besides EV-
71 and CV-A16, other prevalent types were CV-A6 and CV-A10.
Among these, the predominant pathogen was EV-71, which
accounted for 66.8% of positive cases, followed by CV-A16
(15.4%). Overall, the HFMD outbreak during March to July was
also mainly caused by EV-71 (Figure 1). Unlike the CV-A6
outbreaks in some countries, like Singapore and Finland in
2008,15,22 Taiwan in 2010,23 Japan and Spain in 2011,24,25 and
the USA and Thailand in 2012,26,27 the prevalence of CV-A6 was a
little lower; it accounted for only 4.0% of all HEV positives.
No signiﬁcant differences in gender or age distribution were
found among EV-71, CV-A16, CV-A6, and CV-A10 infections in this
study, but the circulation periods were different. CV-A16 circulated
mainly before the outbreak, but unlike EV-71, no apparent increase
was found during the outbreak. With the strengthening of
treatment and control measures, as well as population immunity
to these two agents, their prevalence decreased and other
serotypes, i.e. CV-A10, began to circulate and gradually replaced
CV-A16 in the late period of the outbreak. CV-A6 appeared in
September and increased in the last 2 months of the year; in
December, 29.4% of pathogens were CV-A6 (Figure 1). This
Figure 2. Phylogenetic tree based on the entire VP1 nucleotide sequences (891 bp) of the EV-71 strains. Nine EV-71 strains isolated in this study and 41 strains worldwide
were used to build the tree. Solid circles indicate the Changsha isolates.
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following year in order to prevent its potential occurrence, which
was reported in another city of China.28
EV-71 is considered an important cause of severe HFMD and even
death.29 Mortality rates due to EV-71 infection in the Asian-Paciﬁccountries ranges from <0.5% up to 19%.30,31 In our study, 78.6% of
severe cases, including ﬁve deaths, were caused by EV-71. However,
we noticed that the severity rate for other HEVs was higher than for
EV-71 (Table 2). Sporadic cases infected with the group B
coxsackieviruses and echovirus (CV-B3, E-16, E-30) were identiﬁed.
Figure 3. Phylogenetic tree based on the entire VP1 nucleotide sequences (891 bp) of the CV-A16 strains. Twelve CV-A16 strains isolated in this study and 26 strains
worldwide were used to build the tree. Solid squares indicate the Changsha isolates.
J.-F. Chen et al. / International Journal of Infectious Diseases 28 (2014) 17–25 21Group B coxsackieviruses have often been associated with life-
threatening disease, especially in newborn infants.32 E-16 and E-30
were found to be major pathogens associated with aseptic
meningitis, which has occurred at a high prevalence worldwide in
recent decades.33,34 In this research, the cases with E-16 and E-30
infections both had nervous system syndrome and the child infectedwith E-30 eventually died. Although not highly prevalent, particular
attention should be paid to these high risk types. Continuous
monitoring should be undertaken.
EV-71 is classiﬁed into three genotypes – A, B, and C – and
genotypes B and C are further divided into ﬁve subgenotypes
based on their VP1 gene sequences.35 The frequency of these
Figure 4. Phylogenetic tree based on the entire VP1 nucleotide sequences (915 bp) of the CV-A6 strains. Eight CV-A6 strains isolated in this study and 35 strains worldwide
were used to build the tree. Solid triangles indicate the Changsha isolates.
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Figure 5. Phylogenetic tree based on the entire VP1 nucleotide sequences (894 bp) of the CV-A10 strains. Nine CV-A10 strains isolated in this study and 32 strains worldwide
were used to build the tree. Solid diamonds indicate the Changsha isolates.
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2004, EV-71 belonged to cluster C4b, but after 2004, cluster C4a
replaced C4b and became the predominant circulating strain.12,36
As seen in Figure 2, all Changsha EV-71 strains reported here were
clustered within the C4a clade, implying that C4a was also the
most prominent EV-71 subgenotype in Changsha. The sequence
homology was conserved in mild/severe and child/adult cases. Our
results further conﬁrm the absolutely dominant position of the EV-
71 C4a subgenotype in China.
Based on phylogenetic analysis of the VP1 gene, CV-A16 is
classiﬁed into A and B, two distinct genetic lineages. Genogroup B
is classiﬁed into subgenogroups B1 and B2. The largest sub-
genogroup is B1, which can be further divided into B1a and B1b.37
In our study, recent genotypes of CV-A16 in Changsha were similar
to those detected in other Chinese cities in which B1a and B1b were
found to circulate at the same time.18,38
Occasional CV-A6- or CV-A10-related HFMD outbreaks have
been reported; however phylogenetic tree analysis has rarely been
conducted for these two viruses. In this study, the phylogenetic
analysis indicated that the CV-A6 and CV-A10 sequences were
assigned to different genotypes with clear and speciﬁc geographi-
cal distributions. The Changsha CV-A6 strains were related to each
other and formed a cluster with strains from other cities of China,
like Shanghai and Shenzhen. In contrast, all of the CV-A10 strains
were most closely related to the strains found in Hebei and Henan
provinces of China. We also found the Changsha CV-A6 strains to
display a close genetic relationship with 2010 French strains, and
the Changsha CV-A10 strains to be related with 2008 Spanish
strains. It appears that they may have originated from the same
ancestor. In a study on CV-A6- and CV-A10-associated HFMD in the
city of Shenzhen in China, it was also reported that the CV-A6
strains likely originated from Europe.39
In conclusion, the 2012 Changsha HFMD outbreak was caused
mainly by EV-71, but the circulation of other HEVs, especially CV-
A6, had increased by the end of the year. Continued monitoring is
very important to predict and prevent potential HFMD outbreaks
in Changsha, China.
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